Molecular imprinting of nicotine and related carcinogenic chemicals in itaconic acid -ethylene glycol dimethacrylate copolymer is described. Molecularly imprinted polymers (MIPs) are made to contain binding sites capable of recognizing nicotine; thus the fingerprint of the nicotine created in the polymer allows it to serve as an ideal molecular recognition element. We demonstrate that the imprinted polymers show high selective binding affinity in biological buffers. This is a previously un-described initiative for molecular imprinting, since the binding occurs under conditions relevant to biological systems. Due to effect of molecular imprinting nanocavities with size 24±5 nm were formed and these nicotine receptor sites were distributed homogeneously in the nicotine imprinted polymer. The nicotine receptors showed highly selective to nicotine with Kd values as low as 10 -5 M, and the levels of selectivity similar to those of natural moleculesacetylcholine esterase (AChE). The recognition properties of the polymer receptor were analyzed using ultra-violet spectroscopy, computer simulations and adsorption assay. Importantly, the receptors were effective in wide pH range (6.8-8.2) while the natural nicotine receptors showed high binding only at pH 7.6. The high specificity and stability of artificial receptors rendered them promising alternatives to enzymes, antibodies, and other natural receptors useful in biomedical assays, sensors and drug development.
Introduction
The design and synthesis of artificial receptor systems capable of binding a target molecule with similar affinity and specificity to antibodies has been a long-term goal of biomedical sciences and biotechnology. The mimicking of antibodies function primarily requires selective binding of antigen to a natural or synthetic antibody. The binding utilizes the exquisite recognition properties of an antibody for the antigen, in which the antigen fits precisely into the antibody's binding site, whereas even structurally related compounds are excluded from the site.
However, antibodies exhibit characteristics that limit their applications. For examples, bio-macromolecules such as proteins are large (M r ≈150 K) complex molecules that need to be stored carefully [1] . As antibodies are produced by living cells it is sometimes difficult to control their quality. Furthermore, it is difficult to raise antibodies against some bio-macromolecules. 
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Experimental Procedure
Chemicals and Reagents
The template nicotine and functional monomer, itaconic acid and cross-linking monomer ethylene glycol dimethacrylate (EGDMA) were obtained from Acros Organics (Geel, Belgium).
Methacrylic acid (MAA), Trimethylolpropane trimethacrylate (TRIM), 1,10-azobisisobutyronitrile (AIBN), solvents of HPLC grade (acetonitrile, methanol and acetic acid), and the buffer salts, sodium citrate, sodium carbonate and sodium phosphate were procured from Merck (Darmstadt, Germany). AIBN was recrystallized from methanol before use. Bi-functional monomer N, O -bis methacrylol ethanolamine (NOBE) was synthesized using a previously reported procedure [9] . Acetylcholine esterase (AChE) was purchased from Hycult Biotech (PB Unden, The Netherlands). The structural analogues myosmine and cotinine were purchased from Chemsky International Ltd. 
Preparation of MIPs
The imprinted polymer receptors of nicotine were prepared with three different compositions. The first receptor (MIP-1) was synthesized using 1.62 mg (1.0µmol) of nicotine as a template, The solvent and initiator use during polymerization was the same for all polymers (see composition of three polymers in Table 1 ).
Initially, the polymer mixtures were saturated with nitrogen and then glass tubes were sealed before polymerization was initiated by UV irradiation (352 nm) at 4°C in a photo-reactor.
The polymerization was continued for 16 h. After synthesis, all polymers were ground and sieved to obtain the fractions with size 30-100 µm separately. The template removal from the relatively small, flexible, and soluble. Nevertheless the polymers were developed successfully that exhibit selective recognition of imprinted proteins (albumin, immunoglobulin G, lysozyme, RNAase, and streptavidine) through H-bonding with the target [5] .
Matsui and Takeuchi (1997) prepared nicotine imprinted polymer using 2-(trifluoromethyl) acrylic acid (TFMAA) as a functional monomer which showed high binding capacity and selectivity factors (28.4 and 2.4, respectively) in organic solutions [6] .
Nicotine selective MIP was used as solid phase extraction (SPE) material to improve the sensitivity of liquid chromatographic determination of nicotine in biomedical analysis [7] . A detection limit 1.8µg mL -1 and a linear dynamic range up to 1000 µg mL The dependence of binding on pH was determined as described above expect that the pH's of stock solutions of nicotine in 20 µM phosphate buffer solution were adjusted by the addition of NaOH/HCl solution before pipetting onto the polymer.
Individual HPLC calibration curves were determined for each pH. All experiments were conducted in duplicate. The binding performance of polymer receptors and natural receptor (AChE)
was compared using the experimental data.
Computer simulations and UV spectroscopy for nicotine-itaconic acid complex
The typical procedure for the UV titration experiments of nicotine with functional monomers (IA, MAA and NOBE) was the following: on the semi-empirical (SE) quantum mechanical approach (PM3 method) to obtain minimum energy structures. The molecular structures were optimized using the Polak -Ribiere algorithm until the root mean square gradient was 0.01; which polymer matrix is very important step in molecular imprinting and to ensure that no template remained in the polymer matrix, the polymer was thoroughly washed in Soxhlet using methanol followed by regular changes of acidic methanol, acidic water, water and methanol, and then dried in oven at 20°C. Washing continued for 2 days until the concentration of the template in the eluent measured using HPLC-MS became below quantification level (2 ng mL -1 ).
Surface properties of synthetic receptors
The surface morphology of the imprinted polymer receptors was characterized using JOEL JSM-5200 scanning electron microscope, operated at a voltage of 15 kV, a current of 10 -12 to 10 -9 A and 10 000 x magnification. A high resolution transmission electron microscope (HRTEM, JOEL 3010) with a ultra-high resolution pole piece was used to detect tailor-made nanopores.
The polymer samples were gold sputtered at 15 kV for 200 s using JOEL, JFC-1000E ion sputter fine coat under vacuum (~10 -3 Torr). The porosity and surface area of the polymers was determined by nitrogen adsorption/desorption analysis using nitrogen surface area analyzer (JOEL JSM 6400).
HPLC-MS analysis of nicotine and its analogues
To quantify the binding of nicotine and its analogues by polymer receptor, HPLC-MS was used. HPLC separation was conducted using Waters 2975 HPLC system equipped with µBondapak 
Figure 1. A view of simulated binding interactions between nicotine and functional monomers (IA, MAA and NOBE) in (a) vacuum and (b) polymerization reaction medium acetonitrile (c) Relation between nicotine and functional monomers interaction energy and binding distance in vacuum and acetonitrile.
nicotine was determined using variations in UV spectral intensity at 264 nm ( Figure 2b ) and it was concluded that these results complimentary to the theoretical studies. 
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polymers. Because the polymers are solid, Cb is converted to Sb which has dimensions in micrograms of substrate per gram of polymer (µg/g). Therefore, the binding isotherms for the polymers are plotted as Sb versus Cf. As previously mentioned, it has been shown that MIP isotherms fi t well to the Freundlich equation [10] .
The Freundlich equation is an exponential model that is best represented in a log Sb versus log Cf format, which is used to ploh the isotherms presented in Figure 4 . For each of the three polymers, nine isotherms are obtained for template nicotine and other non-templated nicotine structural analogues (myosmine and cotinine) each of the MIP formulation. In the similar way isotherms of non-imprinted polymer were also evaluated. The isotherms for the polymers imprinted with nicotine are shown in Figure 4 ; isotherms for the MIPs to the other templates can be found in the Supporting Information (SI Fig.2 ). All nine isotherms are divided into two different portions, the region I for Three types of polymers were prepared using three different functional monomers (the composition of each polymer is listed in Table 1 ), and then the template nicotine was extracted from polymer with methanol. Polymer was ground and fraction with size 50-70 µm collected.
The molecular recognition properties of these imprinted polymers were evaluated by batch rebinding studies. The selectivity of the binding sites was further studied by determining uptake of structural analogues (myosmine and cotinine) by the MIPs and AChE. Additionally, epinehprine and physostigmine were also used for evaluating MIPs selective binding (Table 3 ). These two endocrine disruptors are found in pharmaceutical wastes along with nicotine during environmental monitoring of drugs and pharmaceutical industrial effl uents.
While epinephrine and physostigmine showed quite low binding, the nicotine pyridine and pyrrolidine moieties fi t precisely into well defi ned receptor site. The polymer receptor (NOBE) was exceedingly specifi c even compared with AChE. This could be explained by the fact that in evolutionary terms the AChE was not required to discriminate between these compounds, while the synthetic receptors are tailored to recognize a specifi c 
